We present a general method for solving the QCD evolution equations which govern relativistic multi-quark wavefunctions.
Introduction
The form of -the short-distance behavior of a baryon wavefunction can be computed systematically in perturbative quantum chromodynamic (QCD).l
The leading behavior of the baryon three-quark wavefunction at large momentum transfer or short distances is controlled through an evolution equation with an irreducible hard scattering kernel which, in lowest order, is identical to the gluon exchange potential. Since the running coupling constant cy8(Q2) = 47r/[Po en (s21A2>l (PO = 11 -(z/3) nf, where nf is the number of flavors) is small for large momentum transfer Q, a perturbative calculation of the short distance part of the wavefunction can be justified. The anomalous dimensions of the three-quark amplitude can also be predicted by the operator-product expansion and the renormalization group.2
A particularly convenient and physical formalism for studying processes with large momentum transfer is light-cone quantization, as discussed in Ref. 1 . A systematic analysis of exclusive processes and hadron distribution amplitudes has been given, including solutions of the evolution equation of the three-quark system. Thus far the analysis of evolution equations has not been sufficiently detailed to give a complete classification of the nucleon (N) and delta (A) states.
In particular, the distinction between QCD predictions for the N and A wave functions and form factors needs to be clarified.
In this paper, we develop a systematic basis for the baryon system by constructing completely antisymmetric three-quark representations. The calculation of the QCD evolution kernel matrix in the basis of completely antisymmetric representations is given by a straightforward method. The solutions obtained by the present method are consistent with the preceding results,ls2 but additionally we obtain a distinctive classification of the N and A wavefunctions and the corresponding Q2 dependence which discriminates the N and A form factors.
The methods used in this paper have general applicability to the problem of analyzing the short-distance dynamics of multiquark systems. The analysis for four-quark systems in SU(2), and six-quark systems in SU(3), will be presented in subsequent publications.3
In Section 2 we classify the baryon state by constructing completely antisymmetric representations.
In Section 3 we describe several properties of the three-quark evolution equation associated with the various quantum numbers and match the antisymmetric representations with the evolution equation.
To construct a basis of completely antisymmetric representations, we define products of spin and orbit representations in analogy to non-relativistic wavefunctions. Mixings of spin and orbital representations are described in Section 4.
The results for the anomalous dimensions and the eigensolutions are presented and discussed in Section 5. Conclusions follow in the last section. A fermionic system in QCD is classified by the assignment of four quantum numbers: color (C), isospin (T), spin (S) and orbital (0). Each quantum sector of the wavefunction can be classified using irreducible representations with permutation symmetry denoted by Young diagrams4 The explicit construction of totally antisymmetric representations in terms of an orbital index-power basis will be described in the next subsection.
Antisymmetric Representations

COLOR (C), ISOSPIN (7') AND SPIN (S) STATES
We can classify the quantum numbers of C, T and S by the group of G = SU ( where [dx] = dxl dx2 dx3 6 1 -(C:=, xi) 1 and w(xi) = x1 x2 x3.
After orthonormalization, we obtain the basis set of orbital states. The explicit representations and Young diagrams up to n = 2 are presented in Table I .
We note that the orbital representations in power space are independent of any dynamics, and any model-dependent representation can be projected onto our representation.
A state which has arbitrary angular momentum L can be projected on the corresponding index-power space. then we can obtain the completely antisymmetric representation
where N = 21 x 5! and cijk is defined by Eq. (2.1). In a similar way, we can classify all possible three-quark states and obtain the explicit antisymmetric representations. In Table II we present the classification and the representations of the baryon system up to the power n = 2.
The Baryon Evolution Equation
The three-quark evolution equation for the three-quark distribution amplitude rj(x, Q) with Lz = 0 is given by1 (b) QCD evolution conserves isospin.
(c) At high momentum, the helicity of the quarks is conserved. However, the evolution kernel given by Eq. (3.2) has the 4.~. term, which means the spin 3 3 evolution operator is not diagonal for spin multiplets classified by total spin while it is diagonal for Sz components. 
Mixing and Diagonalization
The lowest power orbital state (03 state) of each baryon is unique. These spe- This gives the expected mixing between +3/2 and d1i2 through the QCD evolution.
For the antisymmetric representations given by Table II, Table II . The results for b and 4 are given in Table III .
Results and Discussion
We have presented the antisymmetric representations for the three-quark system and shown the action of the three-quark evolution equation. We have used the following properties of the evolution kernel:
1. The unique color singlet state of the baryon is preserved.
2. The isospin state is preserved.
3. Sz component of the spin state is conserved but different spin multiplets (S = 3/2 and S = l/2 states) can mix with each other.
4. Lz = 0 is fixed on the light-cone and n value is conserved, but different orbital multiplets (corresponding to different Young diagrams) can mix with each other.
After the diagonalization of the mixing matrix v = & + VA, we find the eigenvalues and the eigensolutions as summarized in Table III .
The method by which we obtain the above results is sufficiently straightforward that we can find the basis of the eigensolutions before solving the evolution equation and see the evolution of each state explicitly. Furthermore, we can check every step of the calculation explicitly. For example, the symmetry of the evolution potential given by Eq. where the 47 are totally symmetric under any interchange between xl, x2, and x3.
As stated in the introduction, we can apply the above method to multiquark systems which have several color singlet representations.3 In this case a much richer phenomenology of QCD states exists including hidden color configurations.
We can also combine this approach with the fractional parentage technique5
to predict the effective interaction between baryonic clusters within a multiquark system.
In conclusion, we have presented a general technique which combined with evolution equations predicts the short-distance behavior and classifies the spectrum of relativistic many-fermion systems. This approach thus provides a fundamental method for studying short-distance dynamics even in the domain of the multiquark systems of nuclear physics.
I Table I The orbital representations in the index-power space for the baryon system; the normalization constant is multiplied by the representation for the correct normalization. 
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